Abstract -The e f f e c t of pressure on physico-chemical parameters of HPLC systems below c r i t i c a l conditions i e b r i e f l y surmBarized. The pressure dependence of preferential sorption from the two component eluents on the column packing i a discussed i n d e t a i l from the viewpoint of base l i n e perturbations accompanying sudden pressure changes within the HPLC columns. It is shown that the above phenomenon may be responsible f o r various a r t i f i c i a l LC results. On the other hand, i t can be u t i l i z e d e.g. in the HPLC column diagnostics.
An excellent analysis of several parameters mentioned above was published by Martin, Blu and Guiochon (ref. 1) already in the f i r e t stage of the high p r e s a r e l i q u i d chromato ra hy development and, more recently, by some other authors (refs. 2-77 . ghe conclueions can be summarized as follows:
The volume of eluent decreases w i t h increasi pressure i.e. the density of the mobile phase r i s e s by about lO'4/O.l W a y r e f . 1). As pressure drops along the column, the eluent expands and, Consequently, the e l u t i o n r a t e i s higher a t the colunsn end than a t th8 column i n l e t . On the other hand, with the exception of wate C, viscosity of eluent increases with pre sure by about 10-3/0.1 MPa and diffusion coefficient falls by about who a l s o considered the changes in li uid compressibility with pressure, the e f f e c t of increasing Yiscoeity with pressure dominates and, f o r example, with by n-heptane 8 8 eluent, i t m y change the retention time of the non retained substances by almost 25 46 a t A P = 50 %Pa, !Phe change of viscosity with pressure a f f e c t s , however, only the retention time but not the retention volunie while the change of eluent density with pressure a f f e c t s mainly the retention volume. The r i s i n g pressure causes an increase i n the column diameter and a decrease i n both the p e r t i c l e and the pore size of sorbent. Consequently, the column porosity increases. The compressed p a r t i c l e s of packing may block the eluent flow and the partly collapsed pores have the decreased surface available t o the molecules of analyte. Both e f f e c t s l i m i t the working pressure f o r 80me types of sorbents. changes in p r e f e r e n t i a l sorption on e carbon sorbent from nine mixttlres of d i f f e r e n t 1 1 uids when pressure was ralsed t o 400 MPa under s t a t i c conditions. the s e r i e s of chroniatograghic experiments we have found that the extent of preferential sorption from two-component l i q u i d s i s often pressure dependent, In the following, we c o l l e c t the most important experimental results so far obtained, generaliee the e f f e c t s obsemed, show t h e i r negative influence on the base l i n e s t a b i l i t y and propose t h e i r u t i l i z a t i o n in column diagnostics. a two
EFFECT OF PRESSURE O N SORPTION EQUILIBRIUM OF BINARY ELUENT IN HPLC COLUMN
In the s y s t e m containing a aorbent and a two component l i q u i d , one l i q u i d component is usually preferentially sorbed on the solid surface. In the HPLC colwm, an equilibrium is established between the I n t e r s t i t i a l mobile phase and the stagnant l i q u i d l a y e r wlthin the column packing in contact with the mixed eluent. W e have found that t h i s e uilibrium can be perturbed when pressure is changed (ref. 23) so that one o! the eluent component8 is released from the sorbent and the other is extracted by the sorbent. As a result, the variation in composition of the column effluent accompanies the pressure change. This e f f e c t can be e a s i l y observed by a ?son s p e c i f i c detector (8. g. d i f f e r e n t i a l refractometer) as a base line perturbation, which we c a l l "eigenzone" (ref. 24) in order t o s t r e s s that this phenomenon is r e l a t e d exclusively t o the property of the mixed mobile phase. The height or size and sign of eigensones is given by the extent of extraction --release process induced by the preesure change as well a8 by the applied detection principle and detector sensitivity. After the l i q u i d with the changed coaposition has l e f t the column, the base l i n e is reestablished. When pressure is changed back t o i t s i n i t i a l value, the original sorption equilibrium is reached by a new extraction and releasing process. The si5e and shape of the eigenzone now produced is the same but the sign of the detector response is reversed so that we obtain the mirror image eigenzone. Figure 7 shows the typical examples of eigenzones produced various methods of pressure variations. The process is perfectly repeatable unless mixed eluent contains impurities, temperature of the system is constant and the colunm packing does not change i t s geometry in the course of pressure changes.
Practically no eigenaones are generated when a x e d eluent is replaced by pure lsingle liquid, when e o l w n i s e i t h e r packed with nonporous material o r where AG and molar volwne, reap., associated with the t r a n s f e r processes between mobile AV a r e the variations of the f r e e energy and the partial Scheme of the LC assembly a/ Insertion of long capillary f o r exmple the selective compression of one component of mixed l i q u l d i n t o the micropores of sorbent or the e f f e c t s of the temperature changes during pressure variations. Our experiments, however, seem t o contradict the hypothesis of the selective compression since in some systems l a r g e r molecules a r e increasingly sorbed when pressure rises. However, t o answer t h i s question definitively, experiments are needed with non associating liquids, Also, the temperature variations alone cannot be responsible f o r the observed e f f e c t s since pronounced eigeneonea were produced w i t h large packing p a r t i c l e s and already a t r e l a t i v e l y small pressure variations of few of B B P a i.e. in the systems where the temperature e f f e c t s a r e expected negligible. An a t t r a c t i v e hypothesis involves the influence of presmre on the intermolecular interactions in mixed liquids. Actually, the large s e n s i t i v i t y of both boiling point and composition of benzene/methanol caeeotrope (ref. G g a r e the i n t e r f a c i a l tensions between the sorbent AAB takes a large positive Let us discuss b r i e f l y the p a r t i c u l a r points:
a/ W e have produced eigensones w i t h various kinds of sorbents differing i n t h e i r chemical compoaition, pore s i z e and pore volwne. "hey were bare and chemically bonded HPLC s i l i c a g e l s (refs. 23-25, 27-32) , macroporous carbon sorbenta and packings based on copolyners of polyhydroxyethylmethacrylate crosslinked with glycol dimsthacrylate (ref. 27). The height of eigensonee generated with s i l i c a g e l s decreased with the decreasing s p e c i i i o 8urface area of sorbent and nonporous glass microepheres d i d not produce any eigenzones (ref. 27 ). The differences in polarity of sorbent surface usually manifest themselves in the change of the sign of zone (see Fig. 1 ).
b/ Both the d e t e c t a b i l i t y of effluent composition changes and the pressure e f f e c t i t s e l f depend on the chemical nature and composition of the eluent.
Sometimes, even the sign of the extraction -release process changes w i t h varying eluent composition. So f a r example, in a column packed with 3-glycerylpropyl bonded s i l i c a g e l in the mixed eluent THF/water 80/20 vol/vol, the increased pressure cauPred desorption of water while THF was desorbed i n the same mixture w i t h composition 30/7Q vol/vol (ref, 3 0 ) . It is necessary t o note again that pressure may induce e i t h e r a f u r t h e r increase or a decrease of the concentration of a component which is in excess on the sorbent surface. In other words, the extent of preferential sorption may e i t h e r increase o r decrease w i t h rising pressure (refs. 29, c/ Temperature of the column as the parameter of sorption equilibrium f a i r l y influences the s i z e of eigeneones (ref. 30).
d/ The height of eigensones increases l i n e a r l y with pressure change (refs. 23, 27) . The excessive pressure strokes m y , however, lead t o the destruction of the sorbent bed. This i s accompanied with the changes of eigenaone shape during repeated experiments. (Phis f a c t may be u t i l i z e d for a destructive t e s t i n g of coluraa s t a b i l i t y (ref. 28) .
e/ The c h a r a c t e r i s t i c eigenzone: shapes obtained by d i f f e r e n t nethods of pressure change generation can be seen in Pig. 1. Generally, the shapes of eigenzones reflect the difference between pressure p r o f i l e s within the column before and a f t e r switching the valve (cf. Pig. l a , b , f ) and/or changing the eluent flow velocity (Fig. lc,d,e) . From the point of view of i n t e r p r e t a t i o n simplicity, the most suitable way f o r eigenaone generation presents the insertion/deletion of the c a p i l l a r y w i t h high hydrodynamic resistance i n t o the eluent flow path (Pig. la). In t h i s case the induced pressure change is the same along the column. More detailed discussion of the i n t e r p r e t a t i o n of eigenzone shape can be found elsewhere (refs. 23, 27, Two subsequent pressure changes of the opposite sign produce two eigenzones that m y i n t e r f e r e and the r e s u l t i n g base l i n e perturbation has the shape of two o r more d i s t i n c t system peaks. For e%ernple, the short blocking of the eluent flow (Fig. ld,e) produces two system peaks w i t h d i f f e r e n t sign of detector response. The former system peak appears immediately a f t e r the flow has been reestablished, the r e t e n t i o n volune of the l a t t e r system peak corresponding t o the column dead volume (ref. 32).
f / The height of eigenzone is approximately d i r e c t l y proportional t o the amount of sorbent and i n d i r e c t l y proportional t o the amount of l i q u i d w i t h i n column (ref. 27) . The columns containing the sme sorbent packed i n d i f f e r e n t ways give eigenzones of d i f f e r e n t shape. W e have found that valuable conclusions concerning the packing density v a r i a t i o n s within column can be drawn from the eigenzone shapes using the assembly according t o Fig. l a (ref. 27) .
The e f f l u e n t cornposition changes caused by pressure variations a r e usually f a i r l y small and represent only f e w m i c r o l i t e r s of one mobile component i n one m i l l i l i t e r of eluent when A P e u a l s 10 B6Pa. %?
corresponds t o a few percent change in the exten? of p r e f e r e n t i a l sorption (ref. 27). S t i l l t h i e effect may produce eigenzones 200-300 mm high under appropriate conditions. On the other hand, the changes of composition of the stagnant liquid on the sorbent surface so f a r generated are too small t o produce pronounced changes of r e t e n t i o n volumes in common l i q u i d chromatographic systems. Anpay, the described phenomenon can be responsible f o r some unexpected r e s u l t s in both r e t e n t i v e and exclusion l i q u i d chromatography with mixed mobile phases (ref. 25). The unwanted pressure changes within the column can be produced due t o the p a r t i a l blocking of the column o u t l e t by the sample cornponents o r by the microparticles of column packing, due t o a m p l e i n j e c t i o n (ref. 32) and colnmn switching o r recycling (ref. 19) . The pressure dependence of preferential sorption should be theref ore considered when erroneous o r strange KPLC r e s u l t s are t o be explained.
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